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Abstract
Nitrogen and potassium are the most extracted nutrients by cotton, making necessary the 
replacement by fertilization. Thus, the present study aimed to evaluate the cotton yield under 
different nitrogen and potassium doses as cover fertilization in latosols with different textures, in 
a ‘Cerrado’ biome area. The experiment was carried out at the Harmonia Farm, municipality 
of Sapezal – MT, Brazil. The experiment was carried out in a randomized blocks design, with 
four repetitions. Treatments were arranged in an incomplete fractional triple factorial scheme 
(3/4)42 x 2, totaling 72 experimental units. The N doses consisted of 46, 69, 92 and 115 kg ha-1 
and the four K2O doses of 62, 93, 124 and 155 kg ha-1, with different combinations for the cover 
fertilization of the cotton crop, in two areas, one with 420 and other with 625 g kg-1 of clay. 
Cotton yield depends on the soil clay content. Appropriate doses of N and K, applied together 
on cover can increase the cotton yield in 1508 kg ha-1, when compared to control. Under the 
experimental conditions, it is suggested the application of 78 kg ha-1 of N  and 155 kg ha-1 of K2O 
as cover fertilization for a soil with 420 g kg-1 of clay and 71 kg ha-1 of N and 124 kg ha-1 of K2O as 
cover fertilization on soils with the clay content of 625 g kg-1. 
Keywords: fertilization, Gossypium hirsutum L, Soil texture
Introduction
The cotton crop occupies about 2.5% of 
the world's arable land area and is responsible for 
the production of 33-36% of the consumed fiber 
(FAO & ICAC, 2013). It is a crop that adapts to hot-
humid to sub-humid environments, in the tropics 
and subtropics, in different cropping systems, in 
soils with varied clay contents (Franzluebbers et 
al, 2012; Fultz et al., 2013; Kintche rt al., 2010).
In Brazil, approximately 94% of the area 
planted with cotton is located in the cerrado 
biome (CONAB, 2014). The Cerrado region is 
privileged, because it has adequate climatic 
conditions for cotton cultivation, as well as 
soils with flat topography, which facilitates 
mechanization. However, it presents chemical 
limitations due to its low natural fertility, being 
necessary the soil fertilization to achieve the full 
productive potencial of the crop (Souza et al., 
2011).
In relation to macronutrients, the cotton 
crop is more demanding in potassium (K) and 
nitrogen (N), followed by calcium, magnesium, 
phosphorus and sulfur (Borin et al., 2015). Potassium 
is necessary for the growth and development of 
cotton plants, and has a substantial impact on 
increasing yield (Harper et al., 2012; Dong et al., 
2010). The absorption of K by the cotton plant 
depends on several factors, among them, the 
genetic material, the K content in the soil, the 
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fertilizer and the cultivation history of the area 
(Zhao et al., 2014; Pettigrew, 2008).  
Nitrogen is the most widely used nutrient 
for cotton production (Yang et al., 2012, Bondada 
& Oosterhuis, 2013). In some cotton fields in 
Australia, Rochester (2011) reports the possibility 
of reducing 15-25% (equivalent to 50 kg ha-1 of 
N) of the total amount applied, without loss of 
production. Thus, before the recommendation 
of nitrogen fertilizers, it is necessary to take into 
account, among other factors, the residual N of 
previous crops, aiming to increase the application 
efficiency (Devkota et al., 2013).
The availability of N and K in the soil is 
related to CEC, soil buffer power and nutrient 
transport to the roots, these factors depend 
directly on the soil contents of clay and organic 
matter (Ernani et al., 2007). In this context, 
associate the application of adequate N and 
K doses in the period of greater demand by 
the cotton crop and considering the soil clay 
content can be a key approach to increase the 
crop yield.
Thus, the objective of the present study 
was to evaluate the crop yield under nitrogen 
and potassium doses in cover fertilization, in soils 
of different textures in the Cerrado biome area. 
Material and Methods
The study was carried out in commercial 
cotton farm, managed in the conventional 
system, at the Harmonia Farm, ABC Agrícola 
Group, distant approximately 38 km from 
the municipality of Sapezal-MT, Brazil. The 
geographical coordinates of the experimental 
area are 84° 71' 39.2'' north latitude, 30° 97' 53.7'' 
east longitude and 581 m of altitude. The monthly 
rainfall during the conduction of the experiment, 
from January to September 2014, is described in 
Figure 1.
Figure 1. Rainfall and temperature during the experiment. (Source: Harmonia Farm, Sapezal, 
MT, Brazil, 2014.) 
The physical and chemical 
characterization of the soil in the two evaluated 
areas before the experiment conduction is 
described in Table 1. The soil of the two areas 
was classified as a red dystrophic latosol (Santos 
et al., 2013). The area 1 with 420, 460 and 120 
g kg-1 of clay, sand and silt, respectively, of 
clayey texture, presented the previous history 
of fallow for six months, followed by soybean 
cultivation. Area 2 with 625, 210 and 165 g kg-1 
of clay, sand and silt, respectively, with a very 
clayey texture, presented the previous history 
of succession growth of corn and soybean. The 
soybean cultivated in the two areas in the year 
prior to the experiment (2013) was the TMG 123 
variety, with a population of 350,000 plants ha-1. 
The fertilization used in this crop was based on the 
specialized advisor of the MT Foundation. A total 
of 62 kg ha-1 of K2O (source KCl, with 62% of K2O) 
and 25 kg ha-1 of sulfur (sulfugran, with 90% of S) 
were applied 30 days before planting, with 286 
kg ha-1 of single superphosphate (18% Ca, 11% S 
and 21% of P2O5) in the planting line.
The experiment was conducted in a 
randomized blocks design, with 3 repetitions. 
The treatments were arranged in a fractional 
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Table 1. Soil chemical analysis before the experiment implementation. 
Area1
Depth P(1) O.M.(2) pH(3) H+Al Al3+ K+(1) Ca2+(4) Mg2+(4) SB(5) CEC(6) V(7)
Cm mg dm-3 g dm-3 _____________cmolc dm-3__________________ %
0-20 11.1 28 5.5 2.8 0 0.06 3.07 1.13 4.26 7.06 60.16
20-40 5.4 20 4.6 3.57 0.29 0.03 1.29 0.55 1.87 5.44 32.76
Area 2
Depth P(1) O.M.(2) pH(3) H+Al Al3+ K+(1) Ca2+(4) Mg2+(4) SB(5) CEC(6) V(7)
Cm mg dm-3 g dm-3 _____________cmolc dm-3__________________ %
0-20 8.4 34 4.8 5.05 0.20 0.09 2.18 0.85 3.12 8.17 37.50
20-40 1.6 22 4.3 4.79 0.56 0.05 0.69 0.33 1.07 5.85 18.01
(1)
 Mehlich-1 extractor. 
(2)
Organic matter, Walkley-Black method.
 (3)
CaCl2 0.01 mol L
-1
. 
(4)
KCl 1 mol L
-1
.
 (5)
 Sum of bases.  (6) Cation exchange capacity. (7)  Bases saturation.
incomplete triple factorial (3/4) 42 x 2, totaling 
72 experimental units. Four doses of N (46, 69, 92 
and 115 kg ha-1) and four K2O doses (62, 93, 124 
and 155 kg ha-1) were combined in cottonseed 
fertilization in two areas, with 420 and 625 g kg-1 
of clay. The fraction ¾ refers to the removal of 4 
combinations of N and K2O from the complete 
factorial, 69x155, 92x155, 115x93 and 115x124 kg 
ha-1, respectively. The description of the doses 
and sources of nutrients used in the experiment 
is described in Table 2, being the first the control 
treatment (fertilization commonly used on the 
farm). The other treatments were equivalent to 
an increase of 1.5, 2.0 and 2.5 times the doses 
used by the farm. The plots consisted of six lines of 
10 m in length, with 0.76 m of spacing between 
lines, resulting in an useful area of 45 m2.
Table 2. Doses and sources of nutrients for each treatment. 
Treatments Dose of nutrient (Kg/ha) Souce Dose fertilizer (kg ha-1)
1 46 of N and 62 of K2O Urea + KCl 100 + 100
2 69 of N and 62 of K2O Urea + KCl 150+ 100
3 92 of N and 62 of K2O Urea + KCl 200+ 100
4 115 of N and 62 of K2O Urea + KCl 250+ 100
5 46 of N and 93 of K2O Urea + KCl 100 +150
6 46 of N and 124 of K2O Urea + KCl 100 +200
7 46 of N and 155 of K2O Urea + KCl 100 +250
8 69 of N and 93 of K2O Urea + KCl 150 + 150
9 92 of N and 124 of K2O Urea + KCl 200 + 200
10 115 of N and 155 of K2O Urea + KCl 250 + 250
11 69 of N and 124 of K2O Urea + KCl 150 + 200
12 92 of N and 93 of K2O Urea + KCl 200 + 150
Urea with 46% of N e KCl with 62% of K2O
The cotton cultivar used (Gossypium 
hirsutum L.) was FM 975 WS, with late cycle and 
resistant to the main crop larvae. Seeding was 
carried out in January, 2014 in the two areas, 
with 12 plants per linear meter. At 15 days after 
planting, a manual thinned was carried out to 
maintain the population of the experimental 
area with nine plants per linear meter (equivalent 
to 120 thousand plants ha-1). The cotton seeds 
were treated with Cropstar - 2.4 liters; Priori - 0.1 
liters; Derosal Plus - 0.6 liters; Moceren 250 SC - 0.3 
liters and Baytan - 0.2 liters, of the products for 100 
kg of seeds.
The crop fertilization followed the 
procedures of commercial cultivation, in which 
154 kg ha-1 MAP (12% N and 52% P2O5) plus 100 
kg ha-1 of ammonium sulfate were applied to 
the sowing spot (21% of N and 23% of S). After 15 
days of emergence, the fertilization was carried 
out with 90 kg ha-1 of sulfur (source: sulfurgan, 90% 
of S) and granulated potassium with 62 kg ha-1 of 
K2O (source KCl, with 62% of K2O) in the total area 
of the experiment, with the aid of a motorized 
equipment. It is noteworthy that the experiment 
was conducted in a first-year cotton area.
Nitrogen and potassium fertilization 
treatments were manually applied between the 
lines of the crop, and the doses were divided in 
two times at 33 and 66 days after emergence. 
Cultural treatments and phytosanitary 
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management of the experimental plots followed 
the same procedures adopted in commercial 
cotton farming, including insect and disease 
monitoring, chemical weed control, insecticide 
applications, fungicides and growth regulators. 
To evaluate the yield of the crop (lint and seed), 
at 180 days after sowing, it was discarded one line 
on each side of the plot and 1 m from the ends 
of the four central lines. The manual harvesting of 
all bolls was carried out in the useful area of each 
plot, being four lines with 8 m in length.
 The data were submitted to variance 
analysis and when significant differences were 
found between the treatments by the F test at the 
5% probability level, the regression analysis was 
performed. The multiple regression models for 
response surface graphs were performed using 
the lm function of the Stats package of the R 
software (R Foundation for Statistical Computing, 
Vienna, Austria, 2008).
Results and discussion 
There was a significant triple interaction 
between the applied doses of nitrogen and 
potassium and the soil clay content on cotton 
yield, which indicates the importance of the 
study of the response to fertilization for each soil, 
separately (Table 3). In the unfolding analysis, 
in both soils, the cotton yield did not differ as a 
function of the N doses when the highest K2O 
(155 kg ha-1) dose was applied. However, for K2O 
doses, there was no difference in yield with the 
combination of the higher N doses (92 and 115 kg 
ha-1), only in the soil with 625 g kg-1 of clay (Table 
3). The interaction between N and K is mentioned 
in the literature, in which the productivity response 
to the N application is lower when there is a low 
addition of K (Marschner, 2012).
Table 3. Summary of variance analysis for cotton yield (kg ha-1) as a function of the application of N and K2O doses 
in cover fertilization and the soil clay content. 
Main anava Unfolding Anava 
Source of 
variation DF MS Pvalue
DF N
Clay/K
QM Pvalue K
Clay/N
QM Pvalue
Block 2 18715 0.741 3 42 62 447395 0.000 42 46 226452 0.018
Clay 1 87951374 0.000 2 42 93 650474 0.000 42 69 224385 0.033
N 3 804884 0.000 2 42 124 971970 0.000 42 92 762076 0.000
K2O 3 592139 0.000 1 42 155 22816 0.546 42 115 1155448 0.000
Clay*N 3 516540 0.000 3 62 46 257366 0.011 62 46 202135 0.029
Clay*K2O 3 285239 0.007 2 62 93 598086 0.000 62 69 769160 0.000
N* K2O 5 455250 0.000 2 62 124 450204 0.002 62 92 123337 0.145
Clay*N* K2O 5 262662 0.003 1 62 155 75264 0.276 62 115 22570 0.549
Residue 46 61950 61950 61950
Total 71
Mean (kg ha-1) 3853,62
CV % 6.46
The N application significantly increased 
the cotton yield in the area with lower clay 
content. The yield presented quadratic behavior 
as a function of the N doses, when 62, 93 and 
124 kg ha-1 of K2O were applied. The maximum 
yield points of the equations are 2740, 3228 and 
3528 kg ha-1 of cotton, with the respective doses 
70, 75 and 81 kg ha-1 of N (Figure 2A). Thus, it is 
evident that the highest yield was obtained 
with the application of 81 kg ha-1 of N and 124 
kg ha-1 of K2O. Quadratic behavior is observed 
when there is abundant nutrient supply and an 
inversion of the tendency caused by nutrient 
toxicity or by the induced deficiency of another 
nutrient (Marschner, 2012). Excessive N uptake 
is not benefic for increasing the cotton yield 
because it promotes excessive vegetative 
growth (Yeates et al., 2010). The N levels in the 
soil left by the previous crop (soybean) may also 
have influenced the excess of N added (Geng 
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et al., 2015).
The cotton yield in the experiment with 
the highest clay content (625 g kg-1) increased 
linearly with the application of N when 93 kg ha-1 
of K2O was added. On the other hand, when 
the N doses were combined with a dose of 124 
kg ha-1 of K2O, there was a quadratic response, 
with a maximum of 5515 kg ha-1 of cotton at the 
dose 71 kg ha-1 of N (Figure 2B). Similar results 
were reported by Zhang et al. (2012) and Geng 
et al. (2015), which also obtained increasing 
productivity due to the application of N in cotton.
In the area with lower clay content, 
cotton yield, as a function of K2O doses, a 
quadratic behavior was observed, at the lowest 
(46 kg ha-1) and the highest (115 kg ha-1) N dose. 
Intermediate doses (69 and 92 kg ha-1 N) resulted 
in a linear increase in yield, which indicates the 
possibility of higher yields with increasing K2O 
doses up to 155 kg ha-1 (Figure 3A). In the state 
of Goiás, Brazil, in an area with 560 g kg-1 of clay, 
Bernardi et al. (2009) evaluated the application 
of K2O doses in the cotton crop and verified that 
the highest yield (4,172 kg ha-1) was obtained 
with the dose of 240 kg ha-1 of K2O applied in the 
sowing furrow.
Figure 2. Cotton yield according to N doses for each K2O dose provided on soils with 420 g kg-1 of clay (A) and 
with 625 g kg-1 of clay (B).
Figure 3. Cotton yield according to K2O doses for each N dose provided on soils with 420 g kg-1 of clay (A) and 
625 g kg-1 of clay (B). 
In the area with higher clay content, 
there was a difference in yield according to the 
K2O doses, only when the lowest N doses (46 and 
69 kg ha-1N) were applied. On the other hand, 
there was no difference in yield as a function of 
K2O doses when the highest N doses (92 and 115 
kg ha-1 N) were used (Figure 3B).
An explanation for these results is the 
higher K buffer power in the soil with higher content 
of clay and organic matter, since theoretically it is 
292
Plant Production and Crop Protection
Com. Sci., Bom Jesus, v.8, n.2, p.287-295, Abr/Jun. 2017
able to maintain a more stable concentration of 
K as the potassium fertilizer is added. In addition, 
the soil with higher clay content has a higher K 
amount than the area with a lower clay content, 
since the CEC and the percentage of potassium 
saturation are higher (Table 1) (Ernani et al., 
2007). In addition, the K intensity in the soil, before 
application of the treatments, was higher than in 
the soil with 420 g kg-1 of clay, since the available 
K content was classified as medium, while in the 
soil with lower clay content it was classified as low 
(Sousa and Lobato, 2004).
The management history of the 
experiment areas explains the higher availability 
of K in the area with higher clay content, because 
the cotton was cultivated after corn-soybean 
succession, while in the area with lower clay 
content the cotton was grown after a fallow-
soybean succession. So corn straw may have 
provided additional K by cycling the nutrient in 
the area with the highest clay content. The K ion 
is predominantly in the plant as free cation and 
can be easily leached from plant tissues that 
cover the soil (Marschner, 2012). Crop rotation 
increases soil cover and consequently can 
increase the organic matter content in cotton 
production systems (Senapati et al., 2014).
Analyzing the dynamics of some soil 
attributes, Borin et al. (2015) suggests that a 
suitable soil for cotton cultivation in the ‘Cerrado’ 
region should have an average O.M. between 
15 and 30 g dm-3. In the two studied areas, 
values close to those recommended by the 
author (Table 1) were observed, however, the 
soil with the highest O.M. content resulted in 
highest yields. Among the beneficial effects of 
the soil organic matter, it is important to highlight 
the soil microorganism stimulation, soil physical 
conditioning, biological and chemical buffering, 
thermal control and better water retention (Boulal 
et al., 2011) . Thus, the higher O.M. content in the 
area with higher clay content may also have 
contributed to a more efficient utilization of K 
fertilizers and higher yields. 
The study of the response surface of 
cotton yield in the two areas showed that the 
yield varied from 1914 to 3422 kg ha-1 in the area 
with 420 g kg-1 of clay. However, in the area with 
625 g kg-1 of clay, the yield ranged from 4446 
to 5509 kg ha-1, confirming the yield difference 
in areas with different clay contents (Figure 4). 
Yield response curves are strongly influenced 
by interactions between nutrients and other 
growth factors. In field conditions, interactions 
between water availability and N supply are 
particularly important. Lower yields, even with 
adequate nutrient supply, may be caused by 
the delay of the stomata opening in response 
to water deficiency, higher water consumption 
and water deficit in vegetative stages and also 
by the increase of the shoot growth rate when 
compared to root (Marschner, 2012).
Figure 4. Response surface for cotton yield on soil with 420 g kg-1 of clay (A) and with 625 g kg-1 of clay (B) 
according to nitrogen and potassium doses provided on cover fertilization. 
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The relationship between soil texture and 
crop yield is considered in some research studies 
(Bedin et al., 2003; Klein et al., 2010), which 
highlight the high correlation of this soil physical 
characteristic with yield and its importance for 
the land evaluation for agricultural use. Cotton 
yields in both areas were higher than the national 
average of 2,998 kg ha-1 in the 2013/14 crop years 
(Conab, 2014).
Based on the mathematical equation, 
the maximum yield of the area with the lowest 
clay content (420 g kg-1) was verified with the 
application of 78 kg ha-1 of N and 155 kg ha-1 of 
K2O in cover fertilization (Figure 3A). Evaluating 
the combined application of N and K doses 
during two years, Dong et al. (2010) obtained 
cotton yield variation from 1451 to 2087 kg ha-1. 
The authors also noticed a significant increase 
in cotton yield as a function of nitrogen and 
potassium fertilization.
In the soil with higher clay content 
(Figure 3B) differences were observed between 
the treatments by the F test at 5% of probability, 
but the mathematical models studied did not 
represent significantly the response behavior 
in cotton yield as a function of the two applied 
nutrients. For this reason, a multiple regression 
model was not presented, so Figure 3B shows only 
the response surface of the values observed in 
the field without the mathematical model.
The highest yields observed in the 
treatments containing N and K together in 
adequate doses in the areas with different clay 
content could be explained by the demand, 
function and interaction of these nutrients. N is a 
nutrient absorbed in large quantities by cotton, 
which accumulates during its cycle from 50 to 85 
kg of N to produce one ton of cotton (Rochester, 
2007). Photosynthesis is strongly reduced in plants 
deficient in N and K. Potassium nutrition affects 
photosynthesis mainly because of K's function 
in the regulation of stomata opening, which 
interferes with the assimilation of CO2. On the 
other hand, the excess supply of K can cause 
a consumption without need, with possible 
interference in the absorption and availability 
of Ca and Mg (Marschner, 2012). As N or K 
deficiency becomes more severe in cotton, there 
may be yield losses, as there is a synergistic effect 
between the two nutrients (Borin et al., 2015).
The coefficient of determination of 
0.89 in the multiple regression model with the 
variables N, K and clay content indicates that 
clay variation interferes with cotton yield (Figure 
4). According to Klein et al. (2010) description, 
the higher the clay content, the higher the 
cotton yield. Therefore, it is necessary to make 
a recommendation for nitrogen and potassium 
fertilization, taking also into consideration the 
clay content present in the soil, as it directly 
influences the cation exchange capacity (CEC) 
and the availability of these nutrients in the soil.
Studies indicate that the N doses in 
fertilization to achieve the higher potential yield 
of the crop should take into consideration the 
soil type (Yang et al., 2012; Luo et al., 2010). The 
Figure 4. Correlation between observed and estimated values for cotton 
yield using a linear multiple model, considering N and K2O doses and clay 
contents. 
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adequate use of soil chemical and physical 
analysis for the application of K fertilizers is 
important because it allows higher economic 
savings (Harper et al., 2012). The results of the 
present study are in accordance to literature and 
affirm the importance of taking into consideration 
the clay content in the expectation of cotton 
yield and for the greater efficiency of the use of 
nitrogen and potassium fertilizers in the crop.
Conclusions
1. The cotton yield depends on the clay 
content of the soil.
2. Appropriate doses of N and K applied 
together in cover fertilization increase up to 1508 
and 1063 kg ha-1 the cotton yield in soils with 420 
and 625 g kg-1 of clay, respectively.
3. In the experiment conditions it is 
suggested the application of 78 kg ha-1 of N 
and 155 kg ha-1 of K2O in cover in soils with clay 
content of 420 g kg-1 and 71 kg ha-1 of N and 124 
kg ha-1 of K2O in cover in soils with clay content 
of 625 g kg-1. 
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